Molecular dynamics study of solvation effect on diffusivity changes of DNA fragments.
DNA sequence analyzing and base pair separation techniques have attracted much attention, such as denaturing gradient gel electrophoresis, temperature gradient gel electrophoresis, and capillary electrophoresis. However, details of sequence separation mechanisms in electrophoresis are not clarified enough. Understanding and controlling flow characteristics of DNA are important not only for fundamental research but also for further developments of bio-nano technologies. In the present study, we theoretically discuss the relationship between diffusivity and hydrated structures of DNA fragments in water solvent using molecular dynamics methods. In particular, influence of base pair substitutions on the diffusivity is investigated, focusing on an adenine-thymine (AT) rich B-DNA decamer 5'-dCGTATATATA-3'. Consequently, it is found that water molecules that concentrate on dissociated base pairs form hydrated structures and change the diffusivity of DNA decamers. The diffusion coefficients are affected by the substitution of GC for AT because of the different manner of interactions between the base molecules and water solvent. This result predicts a possibility of base pair separation according to differences in the diffusivity.